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MEMORAKDTO REPORT 
for the 

Bureau of Aeronautics^ Navy Department 

•TANK TESTS OP A I/8-SIZE DYNAMIC MODEL OP THE 

AIRPLANE WITH SIMULATED JET MOTORS - ' - 

. v. NACA MODELS I3IJ, I5IJ-I, and 13XJ-2 . .; ' : ^ 

By. Joe V/, Bell and Robert P. Hfivens , ' 

, ■ ' ' • '■ " 
', INTRODUCTION - ' 

• The prosc^nt Investigation wa^ undertaken for the pur- 
pose' of determining the effect of jet motors upon the sta- 
hlllty of the PB2X-5 airplane at a gross load of 76,000 
pounds; The request' for tests oh ih6 powered dynamic model 
of the'^PBaY-J airplane with jets installed in the rear step 
was^. made by the Biu?eau of Aeronautics, Navy Department, 

/on .Deceniber '^9-, 19i|.2. 

The :C6nsblidated Aircraft Corporation was represented 
during the tests of raodisls 15IJ and IJlJ-l- by Mr. H. E, 
Brooke % The program for the .tests anifl the methods used. were 

/discussed with: Captain- Dlehl of the Bureau of 'Aeronautics 
during his visits to the Laboratory before and, during the ■ 

■ tests.* < •• •• , ■" ' ■; • . , 

Ihd t6sts.;were" made. In' NAOA . tank no. 1 during Pebruaipy 
and March lSk-^» ■ " ■ • 



2 * . . ! 

DESCRIPTION OP MODEL > / 

The basic model used in the tests was designated NAOA 
model 151. Models numbers 15IJ, 1$1J«1, and 13IJ-2 were used 
as designations for the same basic model Incorporating dif- 
ferent oonf Igurations of simulated Jet motors. Model 15I 
was the l/8-plze dynamic , model of the PB2Y-5 airplane used 
In several previous investigations in the tank* It was 
ibuilt in accordance with specif ice tions given in reference; 1* 
The propeller blades were set at 8^ at 75-percent radius and 
were rotated at ,a speed of '6200 rpni to develop 'the "scale 
tlirust of the airplane with engines of 1200 horsepower 

each# The . general arrangement of the model is shown in ' . 
figure 1 . ' ' ' ' / ' , ' ' ' '* " " 

Three air nozzles were used to simulate the jet^ motors. 
These nozzles were of the . convergent-divergent tjrpe and had 
diameters 'of 0.158 Inch .at the throat and 0.208 inch at the ^ 
exit/" Three "arrangements of Jets were investigated;, Desig- 
nations and descriptions of these arrangements are listed' as 
fallows: , \ " ; , A 

Model 15IJ - Three nozzles located in the center plane 
■ ' " ■ of the , stern peat arid directed parallel to the base 
plane of, the hull (see fig, 2) . ■ . ... -i 



Model I5IJ-I - Same as model I5IJ except that the-' 
longi'tudinal axes of the nozzles were directed down 
15°. with, respect to the base plane of the hull (see 

.fig-' 2) . . ; ' ' ^ 

Model 13IJ-2 - Three nozzlos in a common horizontal 
plane .with one located on the center line at -the 
.stern post and one protruding from either side of the 
afterbody betv/een stations o •l and 6*2 and directed 
' .outv/ard at an angle of 7^1 the thrust axes of all 
three nozzles were directed in a plane parallel ,t'o the 
base plane of the hull (see fig. 5) 
The arrangement of jets used in 13IJ and 15IJ-I was 
designed at the Laboratory before definite drawings of jet 
motors or their arrangements had been furnished by the 
contractor. These installations were made simple, and an 
effort was made to keep the exit of the nozzles flush with 
the surface of the hull. The arrangement used in model . . 
l$lJ-2^ was taken from a drawing of the installation in the 
full-size airplane v/hich was furnished by the contractor. 
This installation included cylinders that 'are 'to^be provided 
outside the jet motor to serve as shields and means for 'sup- 
port of the jet motors in the airplane*. 'Photographs of the 
installation of :nozsles of models I5IJ and 151J-^2 are shovm 
in figure 1+. . • . ^ • . 



During the greater part of .the tests the- step .of the* 
model wiis not ventilated. Ventilation ducts^ however, were 
provided for a' part of the tests of model 15lJ-2f The ducts 
used in the tests sltb shown in figure 5* The area and the 
location of the ducts approximated those of the production, 
installation in the airplane. ' Existing ducts in the model 
were used for convenience and therefore were not identical 
scale models of the full-size. ducts* ^ 

Tlie pitching moment of inertia of model IJIJ-S v/as found 

\ ' ' , . 

2 

to be 15 v9 slug-feet v/ith the model ballasted to balance at 
28-percent mean aex*^odynamlc chord. , The moments of inertia , 
of models I5IJ and I5IJ-I were not determined but should have 
been about the same as that of model I5IJ-2. 

APPARATUS AND PROCEDURE 
The ^tests were conducted in NA'CA tank no. 1 which' is 
desoribe'd in detail in ^ref eren'ce 2. .The. model was tov/ed 
vmder the main carriage' v/hore the airspeed v;as approximately 
5' percent greater than the water speed. The usual method- 
of investigating the stable range of the' locations of the 
center of gravity was used, in the tests; This method con- 
sists, of making accelerated runs and recording the trim of- the 
model and amplitude' of porpoisinjg at sufficient intervals to 
give curves of trim against speed for simulated take-off runs • 
The acceleration used in the tests v/as approximately 1 foot 



'per seciond per second. Toists v/lthout pov/er, with full 
power of the . engines, and with fiair power of -the engines and 
jets v/ere Included^ in the Investigation. Tests without 
power were made v;ith the propellers in place and free to 
wlndniill. When the propellers v/ere operated, the power 
was turne^d on at a speed of approximately 15 feet per second 
to avoid damage from' spray at lower speeds*' The jets, we're 
usually put in operation' at the beginning of the' run,- 
^ ' ,The gross load of the model wag 114.8 pounds corre- 
sponding to 76,000 pounds full si7.e. 

1 Compressed air was supplied -to^ the' nozzles from two 
high-pressure air cylinders from the. tov/ing carriage-, A 
rubber hose of j/S^i^ich inside diameter was used to transmit 
the air to the model. The hose entered the model at the 
upper surface of the wing near the center ,of gravity. The 
restraint in rise and trim applied by the hose was found to 
be negligible • ' ^ . , 

The thrust resulting from operation of the nozzles was 
investigated by placing each manifold and nozzle assembly on 
a platform scale and taking readings of the scale v/lth and- 
without the nozzles in operation. In this investigation 
'the air was supplied to the manifold through the same as- 
sembly df hose and tubing and at the same pressure that was 
to be us,ed in Ibhe tests of the, model The thrust of the 



mm ^ * t» 

nozzles was found to be 11 pounds for models' IJIJ and 15IJ-I 
and-9,5 pounds for model 15IJ-2, corresponding to full-size 
thrusts of • 5^00, pounds and l+^OO pouxads, respectively. The 
reduced thrust of the nozzles in model 151J-2 ,v/as ^probably 
caused by pressure losses in the manifold.- .The air was sup- 
plied to the manifold at a pressure of 175 pounds per square 
inch gage in both cases ♦ 

, ' : ^ RESULTS AND DISCUSSION 
. ' ■ • Model I5IJ 

■The air nozzles of model 151 J were located in the plane 
of symmetry of the hull at the stern post and were directed 
parallel to the base 'line of the hull* During the tests of 
this configuration the flaps v;ere set at I|.0^ and increased 
chord elevators were used* . The chord and the area of these 
elevators were 20 percent greater than the corresponding 
scale dimensions of the airplane • Tests were made without, 
power, with, full power of the engines, and with full pow^r 
•of the engines and jets. Curves of variations of trim with 
speed for all of the conditions of. the tests ^of model 15I J 
are shown in figure 6, The effect of engine pov/er was to 
reduce the trim of the model throughout the runs* The ef- 
fectiveness of the elevators v/as very greatly increased by 
the use of power, but, even so, the trim with full-up ele- 
vators' ^and- full pov/er did not become as high at speeds belov/, 



feet per second (66 knots full size), as that v/ith full-up 
elevators and no power. The effect of the operation of the 
jets v/as to increase the trim at all speeds beyond the hump 
and to decrease the trim at the hump. This change in trim 
at the hmip v;as opposite from that v;hich would have been ex- 
pected to result from the thrust moment of the jets and is 
believed to have resulted from a change in pressure under, 
the ^tail extension of the model. . ^ 

Cross .plots showing the, variation of the maximum ampll- 
tude of porpoising v/ith location of , the center of gravity , 
are given in^ figure 7'» The stable range of. the location 
of the center of gravity, considering' 2*^ as the maximum al- 
,lov/able amplitude of porpoising, v/as as follov/s: 

Condition ' ' Porv/ard limit. Aft limit. 

Engine pov/er Jet power percent "M.A»C« percent M»A.C« 

Zero ■ Off . . 26 " 51 

Full Off 3k 55 

Pull ' On ' 29 52 ■ 

With power and without the jets in operation, the model - 
was unstable at all locations of the center of gravity. ; Tlie 
lower trims resulting from the use of pov/er caused the forward 
limit, obtained with neutral elevators, to change from 2^- 
percent mean aerodynamic' chord to 5l|.-percent mean aerodynamic 



chord^but only caused the after limit, obtained with elevators 

at^ -25°, to change from' 51'-P©^c®nt mean aerodynamic chord to • 

JJ-percent mean aerodynamic chord. These limits were based 

on an allowable amplitude of 2^ and at every location of the 

center of gravity the amplitude of porpoising was at least 1^, 

The stability of the model was improved somewhat by the 

operation of the jets. This improvement was effected by the 

positive trimming moment of ' the thrust of ' the jets, which 

' caused higher trims, above hump speed and thereby changed tlie 

' '•>•.. ^ ' 

forward limit by 5-porcent mean aerodynamic chord ♦ The range 

of stable locations of the center of gravity, based on an al- • 

lowable amplitude of 29, was 29-peroent mean aerodynamic chord 

to 32-percent mean aerodynamic chord, but' the model' was not 

completely stable at any position of the center of gravity. 

The results of the operation of the jets were not as con- . 

elusive as they might, have been- if the model, v/hen tested 

with' full engine pov/er, had been stable without the operation 

of the jets .' • ' . ■ ^ . 

, ^ ' Model' 151 J-1 

Model I5IJ was altered .to form model I5IJ-I by directing 

the nozzles dov/n 15^ v/ith respect to the base line of the hull. 

The angle -of 15^ was selected because that an^^le v/ould make 
the projected axes, and therefore the theoretical lino of. 



thrust of' jets, pass approximetely throx^gh the, center of 
gravity of - the model. . With this type of installation the 
thrust of 't?ie jet motors may be a'ssumed^to have little, effect 
on the trim of the model; therefore, in this configuration 
the changes "in trim resulting from the operation of the jets 
may be attributed to the changes in f lev;, and pressure caused 
by the action of the air after it had:been exhausted from 
the' nozzle. . Except for the chan&e of .the direction of , the - 
jets, 'the . conditions of the tests were identical -v/ith those 
of the tests of model 151Jt Inasmuch as the exterior of . 
the model v/as identical with that of model I'^U, the tests 
without the jets In operation weye nbt repeated, , 

The ciirves of ^variation of trim v/ith speed for model 
151J-1 are shown in figure S.- These curves may be compared 
with similar curves in figure 6* to determine the effect of 
directing the jets dovmward. Comparison of these curves 
shows that directing the jets dovm 15^ .reduced the trim of 
the model during most. of the take-off run/ - Comparison with 
the curves for- model 1$1J with engine pov/er but v^^ithout jet 
power (fig. 6) shows that the operation of the Jets when 
directed down 15^ reduced the trim at the hump but had 
little effect upon the trim-at higher . speeds . 
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Curves of variation of maximum amplitude of porpoising 
With position of the center of gravity for model IJlJ-l are 
shown in figure 9(d)7 ' Similar curves for model l^U v/ith , 
engine- pov/er and v/ith engine and jet ;pov;er are repeated in ; . 
.figure 9 ^or comparison. "Comparison of 'figure 9(d) with 
figure 9(1^) shows that the operation of the jets of model 
151 J-1 caused little change in the stable range of locations 
of the center of gravity. Comparison of figure 9(d) with 
figure 9(c) show's that the effect of directing the- jebs down '., 
15^ was to move the forward limit aft by about 6-percent mean, 
aerodynamic chord and to move the-, aft limit aft by about 2- 
percent mean aerodynamic chord. • 

' ' '■* Model l$lJ-.2 . 

Model I5IJ-2 differed, from model l^l'J in' that two of 
the air nozzles had been moved from the* stex^n post to the. 
aides at the afterbody and directed- outv/ard at angles of. 7^ 
with respect to, the center plane of the hull. The three 
nozzles were located in* a commdn plane parallel to. the base 
plane of the hull and had ^ their thrust .axes directed in this 
same. plane . , ^ 

Tests of model I5IJ-2 were made ' at two conditions: 

(a) V/ithout ventilation of the step, extended - chord 

elevators, flaps. 1+0^,^ elevators deflected 0*^ for 
" determination of forv/ard limit, and -25*^ for 
determination. of .aft limit / , 



• (b) With- ventilation ducts as; shown in figure 5> scale 
^ , ■ elevators, flaps 20°, elevators deflected 0° for 

determination of f orv/ard limit, -20° for deter- 

mination of- aft limit 
Condition (a) formed a' part of the original Investigation 
initiated with the tests of m.odei IJUj condition (b) vms 
included to determine the effects of jets by comparison with 
the results of tests i^eported .in reference J, The tests 
reported, in reference 3 were made at a later date than the 
tests of models I5IJ and I5IJ-I and included aerodynamic 
tests which' resulted in the use of different test conditions^ 
to approximate more nearly the operation of the full-size 
airplane . ■ . . 

Model I3IJ-2 without ventilation^ flaps hfi^ , extended 
chord elevators > - Curves of variation of trim with speed 
are given in figure 10. These c^irves- are comparable with 
similar curves for model I5IJ in figure 6. Trims of model . 
I5IJ-2 are substantially in agreement .with those of model 
I5IJ except at the hi;imp v/here the trim was slightly higher 
than that for model I5IJ y;ith jets in operation but not 
quite^ as high as tliat for model 15IJ v/lthout the jets in 
operation • This difference in trim may be attributed 'to 
the fact that two of . the. jets were directed outward and the. 
changes in flow and pressure under the tail extension of the 
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model were not as great as they had been v;lth all three jets 
in the center, plane of the model. • . ' 

Curves of variation of maximum amplitude of porpoising 
with location of the center of gravity for model 151J-2 are 
shown in figure 11(c). ^ Similar curves for model IJIJ with- 
out -the jets in operation are shov/n in figure 11(a) and with 
jets in operation in figure il(b)*. Comparison of figure 11(b) 
with, figure 11(c) shows that .the\results of the tests of model 
I5IJ-2 were substantially in agreement with the results of 
tests of model 151J« 

Because of the close agreement betv/een the results of 
/the. tests of models I5IJ-2 and'lJUj -it v/as believe'd that' 
the effect of inclining the jets of model 151J-2 v^ould have 
been about the same aB had been found by inclining the jets 
of model 15IJ to form model' IJlJ'-l. 

Model 13 I J-2 with ventilation^ flaps 20^, scale ele-- 
vators . - The curves of variation of • trim with speed for ^ 
model 151 J-2 with these conditions , are shown in figure 5* 
These may be compared v/ith similar curves of model I5I (with- 
out ,jets) in reference 5* ^ The effects of operation of the 
jets in' this condition were found to be substantially the same 
as had been found in the' same model v/ith other test, condi- 
tions and in the tests of model 151J» The trim v;as increased 
'by operation of jets 'at high speeds and decreased slightly by 
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operation of the jets at hump spee'd. Curves of variation 
of maxinum amplitude of porpoisiri{; with 'location of the 
center of gravity for model 15 IJ- 21 with ventilation and with 
flaps 20° are given in figure 15,(b). Similar curves for 
model 151 without jets are reproduced in figxire 15 (a) for 
comparison. 'Comparison of these curves shows that both 
the forward and aft ' limits' of stable locations, of the center 
of gravity were shifted' approximately 5-P<53?cent mean aero- 
dynamic chord by' the operation of jets.^ This change in 
forward limit was about the same -as had been observed in the 
tests v/ithout ventilation, but the change- in after limit was • 
much greater than pbserved v/i'thout ventilation. 

■ CONCLUSIONS ' . 

1. The effect 'of' the operation of three jets . located 
in the plane of symmetry at the storxi post and directed 
parallel to the base. line of, the. hull (model I5IJ) was to 
reduce the trim at " the himp". and to increase the trim at 
speeds above the hump. The increased trim at speeds above 
the hi^np resultod^ in a forward movement of the range of 

.stable locations of the center of gravity. 

2. Except for the reduction in the trim at the hump,* 
the effect of jets upon' the trim of lihe model v/as almost 
eliminated by directing the jets dov/n 15^ relative to the 
base line of the hull_ (model I5IJ-I). , V/hen the jets were 



- - 

directed down at this angle, their line of thrust passed ap- 
proximately through the center of gravity of the model. 

5» Changing the location of two of the jets froiri the 
plane of symmetry tb the sides of the afterbody and directing 
them outv/ard 7^ relative to the plane of symmetry, (model 
151 J-2). caused no significant effect upon the results of the 
operation of the jets. ' . ' ' 

.Ij.. Tlie trim at the hiunp was .reduced, by the operation of 
the jets In each of the configurations . tested. This reduc- 
tion in. trim was attributed to. the action of the air after 
being exhausted from the jets. ■ This effect caused by the 
exhaust under the tail extension of the model indicated that 
even larger, effects v/ould result if the jets were located in 
the main step and permitted to exhaust' -under the af terbodys* 

Langley Memorial Aeronautical Laboratory, 

, National Advisory Comitiittoe for Aeronautics, • . . 
Langley Field, Va., June 8, 191+5 • 
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FIGURE I GENERAL. ARRAfNGEMt£:NT, NACA MODEL 131. 




UOCATEC> IN PL-ANE OF 
MODEL I3IJ SYMMETRV OF HULL-. 




AND MODEL I3)j-j. 




FI6URE 3.- JET INSTALLATION IN AFTERBODY, 
MODEL I3IJ-2. 



Model 131J without fairing. 




Model 131]-'Z as tested. 
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Figure 4.- 



Photographs of jet installations of NACA models 
131J and i3iJ-2. 




MODEL STEP p:po;='IL.E 




MOD5U yENTl^A-^lON OPENJINSS 
TOTAU AREA « I . 33 SQ.iN. 



STATION 3.5 



^ STATION 



BULKHEAD 4 




PRODUCTION VENTILATION QPENINS 
T'OTAL AREA « 1.66 SQ.IN. 



FIQURE 5 MODEL 131 DETAILS OF STEP AND VENTILATION OPENINGS. 
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